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[57] ABSTRACT

An induction system for a multiple cylinder internal
combustion engine that employs a pair of plenum cham-
bers with a common air inlet. An exhaust gas recircula-
tion system is provided for distributing exhaust gases
equally to the chambers of the engine by re-introducing
the exhaust gases to the common air inlet. In a similar
manner, a crankcase ventilating system is provided
wherein the crankcase gases are delivered to the com-
mon atr inlet for equal distribution of the chambers.

17 Claims, 3 Drawing Sheets
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1
INDUCTION SYSTEM WITH E.G.R.

BACKGROUND OF THE INVENTION

This invention relates to an induction system for an
engine with exhaust gas recirculation and more particu-
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larly to an engine induction and E.G.R. system that

ensures equal distribution of the exhaust gases with all
cylinders of the engine.

It is well known to provide a system for recirculating
a portion of the exhaust gases back into the combustion
chambers so as to reduce or control the amount of ni-
trous oxide 1n the exhaust gases. Most engines are very
sensitive to the amount of exhaust gases which are recir-
culated, and for this and other reasons, it is very impor-
tant that the exhaust gases be recirculated equally to all
combustion chambers of the engine. Although this can
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easily be done by providing separate conduits to each of

the intake systems or each combustion chamber, such
systems become extremely complicated, particularly
when considering that the flow of exhaust gases is con-
trolled by an exhaust gas recirculation control valve.

It 1s, therefore, a principal object of this invention to
provide an improved induction system including
E.G.R. which will ensure that the exhaust gases are
equally recirculated to all of the combustion chambers
of the engine. |

Recently there has been proposed a type of induction
system that is found to produce extremely good perfor-
mance throughout the entire engine load and speed
ranges. Such an induction system is shown in copending
application Ser. No. 634,795, entitled “Intake Means Of
Internal Combustion Englne” filed July 26 1984, now
U.S. Pat. No. 4,649,876, in the name of Masatoshi Ohmi
et al, and assigned to the assignee of this invention. The
- induction system shown in that patent application em-
ploys a pair of plenum chambers that are spaced differ-
‘ent distances from a given combustion chamber of the
engine. Each plenum chamber, serves each combustion
chamber through a respective runner, and the runners
associated with the closer plenum chamber are shorter
and tuned for better performance at high speed. The
- runners going through the more distant plenum cham-
ber are longer and are tuned for good low speed perfor-
mance. Although such an induction system is extremely
effective, it is difficuit to ensure a simple and yet effec-
tive system for providing effective exhaust gas recircu-
~lation to all combustion chamber of such an engine.

It is, therefore, a still further object of this invention
to provide an improved system for introducing exhaust
gases to an engine embodying plural plenum chambers.

In connection with emission control, it is also the

practice to recirculate crankcase ventilation gases back
to the combustion chambers of the engine so that the
hydrocarbons and other undesirable constituents in the
crankcase ventilation gases are rendered less harmful
before they are discharged to the atmosphere. Although
not as critical as with exhaust gas recirculation, it is
nevertheless desirable to ensure that there is an equal
“distribution of the crankcase ventilation gases to all of
the combustion chambers. |

It is, therefore, a still further object of this invention
- to provide an improved system for introducing crank-
case ventilation gases to the combustion chambers of a
muitiple chamber engine.
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BRIEF DESCRIPTION OF THE INVENTION

A first feature of this invention is adapted to be em-
bodied in an induction system for an internal combus-
tion engine that comprises a first plenum chamber and a
first series of runners for communicating the first ple-
num chamber with a first series of combustion chamber
intakes. A second plenum chamber is also provided, and
a second series of runners communicates the second
plenum chamber with a second series of combustion
chamber intakes. An air inlet is provided, and means
communicate that air inlet with each of the plenum
chambers for introducing an air charge to the engine
combustion chambers. The engine also incorporates an
exhaust system for recycling engine exhaust gases and
means for recycling a Portion of the exhaust gases back
to the combustion chamber including an E.G.R. inlet
communicating with the air inlet.

Another feature of the invention is adapted to be
embodied in an induction system for an internal com-
bustion engine having first and second plenum cham-
bers and first and second runners cooperating with first
and second series of combustion chamber intakes as
described in the preceding paragraph. In accordance
with this feature of the invention, the engine is provided
with a crankcase ventilation system that has 1ts outlet
communicating with the air inlet.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan view of an internal combustion
engine constructed in accordance with an embodiment
of the invention;

FIG. 2 1s a side elevational view of the engine;

FIG. 3 1s an enlarged cross-sectional view taken
along the line 3—3 of FIG. 1;

FIG. 4 is a cross-sectional view taken along the line
4—4 of FIG. 3; and |

FIG.5isa parti_ally schematic top plan view, with a
portion broken away, showing the intake system for a
given cylinder of the engine.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION |

An engine having an induction, crankcase emission

and exhaust gas recirculation system constructed in

accordance with an embodiment of the invention is
identified generally by the reference numeral 11. The
engine 11 is depicted as being of the V-type and in-
cludes a crankcase 12 and cylinder block 13 having
angularly disposed banks of cylinders. Cylinder head

assemblies 14 are affixed to the respective cylinder
banks. The cylinder banks are formed with cylinder

bores 15 (FIG. 5) that are provided with pairs of intake
valves 16 and pairs of exhaust valves 17.

The exhaust valves 17 cooperate with exhaust ports
18 that open through one side of the cylinder head and

‘discharge the exhaust gases to respective exhaust mani-

folds 19. The manifolds 19, in turn discharge their gases
to an exhaust system including exhaust pipes 21.
Engine 11 is provided with an induction system of the
type as described in a forenoted co-pending application
Ser. No. 634,795. This induction system includes a pair
of plenum chambers 22 each of which is disposed in
overlying relationship to a respective one of the cylin-
der head assemblies 14. A plurality of runners 23 extend
from each plenum chamber to an intake passage of the
respective adjacent cylinder head. This passage 23



4,811,697

3

serves primarily one of the intake valves 16. Because the
passages 23 extend from the plenum chamber 22 to the
adjacent cylinder head 14, they are relatively short in
length and their effective length is tuned so as to pro-
vide good high-speed performance.

In addition, each plenum chamber 22 is provided
with a second series of longer runners 24 that extend

across the engine and which serve the opposite bank.
Specifically, the runners 24 serve the portion of the
intake passages associated with the other of the intake

valves 16. As should be noted from FIG. 5, however,
there i1s a dividing wall 25 between the runners 23 and
24, and a corresponding wall 26 between the intake
valves 16 which is interrupted by a communication
passageway 27 so as to provide an area of communica-
tion between the runners 23 and 24 in close proximity to
the intake valves 16. This communication passageway
has been found to significantly improve mid-range per-
formance.

It should be noted that the longer runners 24 have
their effective length tuned so as to improve low speed
running performance,

Both of the plenum chambers 22 receive air from a
common source of inlet air in the form of an air inlet 28
which, in turn, receives filtered air from an air cleaner
(not shown). A throttle valve 29 is supported within the
air inlet 28 and is connected by means of a suitable
linkage mechanism (not shown) to a suitable accelerator
mechanism. The air inlet 28 communicates with an air
distribution device, indicated generally by the reference
numeral 31, which has an inlet opening 32 which com-
municates with the air inlet device 28 immediately
downstream of the throttle valve 29. The distribution
device 31 has a generally Y shape that comprises a pair
of branch passages 33 which communicate with the
individual plenum chambers at their forward ends. The
branch passages 33 communicate with the inlet opening
32 by means of communication openings 34 which are
spaced forwardly from a rear wall 35 of the distribution
device 31. Because of this arrangement, it will be en-
sured that there is good and equal air distribution to
each of the plenum chambers 22.

In order to control the emissions of nitrous oxide, the
engine 11 is provided with an E.G.R. (exhaust gas recir-
culation) system. It is desirable that the E.G.R. system
be relatively simple in construction and have a mini-
mum of piping and plumbing connected with it. How-
ever, it 1s important to ensure good distribution of the
exhaust gases that are recirculated with all cylinders of
the engine. To this end, one of the exhaust manifolds 19
(FIG. 2) is provided with an exhaust gas top 36 that
delivers exhaust gases to a conduit 37. The conduit 37 in
turn terminates at an E.G.R. valve 38 which may be
controlled in accordance with any desired sequence or
system of operation and in turn outputs exhaust gases
under its control to a gas conduit 39. The conduit 39 is
formed 1n part in the distribution device 31 and has a
discharge opening 41 that opens into the device 31
immediately forwardly of the rear wall 35 and rear-
wardly of the distribution openings 34. Because of this
location of discharge, the exhaust gases which are recir-
culated will be distributed equally to the passages 33
and, in turn, to the plenum chambers 22. Thus, the
exhaust gases which are recirculated will flow equally
to the individual cylinders of the engine so as to avoid
any unevenness in running.

The engine 11 is also provided with a crankcase ven-
tilating system wherein the crankcase ventilating dis-
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4

charge gases are returned to the combustion chambers
for further combustion before discharge to the atmo-
sphere. Like the E.G.R. system, the crankcase ventila-
tion system associated with the engine 11 is extremely
simple, but nevertheless is highly effective in ensuring
that the crankcase gases will be equally distributed to
the individual cylinders of the engine 11 so as to pro-

mote even running.
A crankcase ventilating system includes a crankcase

ventilating gas discharge 42 that is positioned in the
valley of the engine and which discharges crankcase
ventilation gases through a conduit 43 to a crankcase
gas ventilating conduit 44 formed integrally with the
distribution device 31 and air inlet device 28. This con-
duit 44 is comprised of a passageway 45 that extends
through the devices 28 and 31 and which communicates
with the inlet device 28 upstream of the throttle valve
29 through a relatively large effective cross-sectional
passage 46. In addition, the passageway 45 communi-
cates with the distribution device 31 downstream of the
throttle valve 29, but immediately upstream of the
branch distribution openings 34 through a relatively
small passageway 47. When the engine is idling, the
crankcase gases will be delivered at a relatively re-
stricted rate to the induction system through the re-
stricted passageway 47 for equal distribution to the
chambers of the engine. However, when running at
higher speeds, the crankcase gases will be delivered
primarily through the passageway 46 upstream of the
throttle valve 29 which will be opened under these
conditions so as to again ensure equal distribution and
good running.

It should be readily apparent from the foregoing
description that the described system provides for effec-
tive exhaust gas and crankcase ventilation gas recircula-
tion to the chambers of a multiple cylinder engine while
ensuring good distribution to all of the chambers. Even
though good distribution is provided, the amount of
plumbing and conduits required is substantially reduced
since the exhaust gases and crankcase gases are deliv-
ered to the common air inlet device of the two plenum
chambers.

Those skilled in the art should readily understand that
the foregoing description is that of the preferred em-
bodiment of the invention, and that various changes and
modifications may be made without departing from the
spirit and scope of the invention, as defined by the ap-
pended claims.

What 15 claimed is:

1. In an induction system for an internal combustion
engine comprising a first plenum chamber, a first series
of runners extending from said first plenum chamber to
a first series of combustion chamber intakes, a second
plenum chamber, a second series of runners communi-
cating said second plenum chamber with a second series
of runners communicating said second plenum chamber
with a second series of combustion chamber intakes, a
common air inlet for said plenum chambers communi-
cating at one end with the atmosphere and having an
outlet end, means for communicating said air inlet outlet
end with each of said plenum chambers for introducing
an air charge to the engine combustion chambers
through said plenum chambers, a throttle valve in said
common air inlet for controlling the flow of air into said
plenum chamber, an exhaust system for receiving en-
gine exhaust gases, and means for recirculating a por-
tion of said engine exhaust gases back to said combus-
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tion chambers including an E.G.R. outlet discharging
directly into said common air inlet.

2. In an induction system for an internal combustion
engine as claimed in claim 1, wherein the E.G.R. outlet
communicates with the common air inlet downstream
of the throttle valve.

3. In an induction system for an internal combustion
engine as claimed in claim 1, wherein the plenum cham-
bers are disposed in parallel relationship to each other,
and the air inlet includes a Y-shaped member having a
single inlet portion and a pair of outlet portions each
communicating with a respective one of the plenum
chambers and the E.G.R. outlet communicates with the
single inlet portion.

4. In an induction system for an internal combustion
engine as claimed in claim 1, wherein the first series of

runners and the second series of runners are arranged in.

pairs with a runner of each series communicating with
the same combustion chamber of the engine.
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5. In an induction system for an internal combustion 20

engine as claimed in claim 4, wherein the E.G.R. outlet
communicates with the common air inlet downstream
of the throttle valve. |

6. In an induction system for an internal combustion
engine as claimed in claim 1, wherein the engine is of
the v-type, and each of the plenum chambers is associ-
ated with a respective bank of the engine.

7. In an induction system for an internal combustion
engine as claimed in claim 6, wherein the first series of
runners and the second series of runners are arranged in
pairs with a runner of each series communicating with

the same combustion chamber of the engine.
8. In an induction system for an internal combustion

engine as claimed in claim 7, further including a crank-
case ventilating system having a discharge communicat-
ing with the air inlet. o

9. In an induction system for an internal combustion

engine as claimed in claim 8, wherein the crank case
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bustion chamber inlets, a common air inlet having an
inlet end and an outlet portion, means communicating

~said air inlet outlet portion with each of said plenum

chambers for introducing an air charge to the engine
combustion chamber, a throttle valve in said common
air inlet for controlling the flow to each of said plenum
chambers, and a crankcase ventilating system having a
crankcase ventilating air outlet which discharges di-
rectly into said common air inlet.

11. An induction system for an internal combustion
engine as claimed in claim 10, wherein the crankcase
ventilating air outlet communicates with the common
air inlet downstream of the throttle valve.

12. An induction system for an internal combustion
engine as claimed in claim 10, wherein the plenum
chambers are disposed in parallel relationship to each
other, and the air inlet includes a Y-shaped member
having a single inlet portion and a pair of outlet portions
each communicating with a respective one of the ple-
num chambers and the crankcase ventilating air outlet
communicates with the single inlet portion.

13. An induction system for an internal combustion
engine as claimed 1n claim 10, wherein the first series of
runners and the second series of runners are arranged in
pairs with a runner of each series communicating with
the same combustion chamber of the engine.

14. An induction system for an internal combustion
engine as claimed in claim 13, wherein the crankcase
ventilating air outlet communicates with the common
air inlet downstream of the throttle valve.

15. An induction system for an internal combustion

~ engine as claimed in claim 10, wherein the first series of
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ventilation system communicates with the air inlet -

through a first, relatively restrictive passageway down-
stream of the throttle valve, and a second relatively
unrestrictive passageway upstream of the throttle valve.

10. An induction system for an internal combustion
engine comprising a first plenum, a first series of runners
communicating said first plenum chamber with a first
series of combustion chamber inlets, a second plenum
chamber, a second series of runners communicating said
second plenum chamber with a second series of com-
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runners and the second series of runners are arranged in
pairs with a runner of each series communicating with
the same combustion chamber of the engine. "

16. An induction system for an internal combustion

engine as claimed in claim 15, wherein the first series of

runners and the second series of runners are arranged in
pairs with a runner of each series communicating with
the same combustion chamber of the engine.

17. In an induction system for an internal combustion
engine as claimed in claim 12, wherein the crankcase
ventilation system communicates with the air inlet
through a first, relatively restrictive passageway down-
stream of the throttle valve, and a second relatively

‘unrestricted passageway upstream of the throttle valve.
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